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A STUDY OF THE KINEMATIC PROPERTIES
OF CERTAIN SMALL-SCALE
SYSTEMS*

Dansy T. Williams
National Severe Storms Project
U. S. Weather Bureau
Kansas City, Missouri

ABSTRACT

Small-scale computations of surface divergence, vorticity, deformation,
and Petterssen’s frontogenetical function were made with respect to a squall
line, an isolated thunderstorm, and a depression wave line. The leading edge
of the squall line was: found to lie along an axis of maximum convergence, de-
formation, and frontogenesrs Centers of maximum convergence, deformation,
and frontogenesis, were found in the vicinity of a micro-low along the leading
edge of the squall line. Kinematic properties with respect to the depression
wave were comparatively weak and poorly defined. They were strong and well
defined -with respect to the center of the isolated thunderstorm and the pseudo-
cold fronts enclosing it. - The kinematic properties of the systems give some
indication as to the immediate short- perrod mechani sms respon31b1e for the
growth and decay of the systems. :

I. INTRODUCTION

The horizontal wind field of a weather system provides a basis for de-
riving the kinematic properties of the system. Kinematic properties of large-
.scale systems are rather well known, and such properties as divergence and
vorticity are routinely used in forecasting. The kinematic properties of
smaller-scale systems are less well known. It is the purpose of this paper
to describe the kinematic properties of three such systems: (1) a squall
line, (2) an isolated thunderstorm, and (3) a depression wave line. The
studies are individual cases. :

The wxnd pressure and temperature discontinuities.of small-scale
systems can be likened to those of large-scale frontal systems; and their
_associated small-scale Lows, Hrghs, troughs, and ridges can be likened to
their large-scale counterparts. When this is done, it is found that the
kinematic properties of one resemble those of the other, except that the in-
_tensity and rate of change for the small-scale systems is 2 to 3 orders of
magn1tude greater than for the large scale systems.
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The cases have béen selected from the 1948 surface network data of the
U. S. Weather Bureau’s Cloud Physics Project, Wilmington, Ohio. The sta-
tions in this network were spaced in checkerboard fashion at approximately
2-mile intervals. This compact spacing has permitted analysis on a scale
that approaches that of the systems studied. These rather old data have
been used, since the cases were considered worthy, and since there are very
few recent data of comparable quality on so small a scale.

2. THE KINEMATrC PROPERTIES

The hor120nta1 space derivatives of the horizontal wind are: 3u/%x,
/3y, dv/dx, and. Bu/ay By combining these as various sums the following
kinematic propert1es of the horizontal flow are expressed:

Bu/ax + Bv/ay >§ Div2-V;,hqri20ntal velocity divergence (D)

v/ - ‘aa/ay;._zz:_Rot;é‘v,'ve'gtic;1 component of relative vorticity (2)
Bu/3k3 fi!3y/3y‘ue Defé v, horizontalustretching deformation": (3)
dv/3x i+ éu/éyZF?v oéf% V, vertical component of horxzontal

shear1ng deformatlon o : (9

: The absolute magnltude of the resultant deformatlon Def, V and the
axes along which dilatation’ and contractlon ‘oticur are generally more meaning-
ful than -the. stretching and shearing ‘deformations given in equat1ons (3) and
(4) ‘These equatlons can be transformed to yield Def_ V, as: ’ '

: DefR A% =‘Def2 Vtsec 20 . ' (5
’@heref R . . . | . v v _

2¢'“=‘ tan"l'(Def'; V. / Def, Y) I * (6)
Algebraxc signs of - Def‘ V.and Def'2 V can then be used_With”ValdeS-bff¢fto

"yield the dilatation and contraction axes. 'A'prbcedure\Tofjdolné°this has -
been out11ned by Saucier [1] R '

Frontogenesrs is favored along axes of max1mum hor1zontal convergence “and .

along axes of- greatest deformatxon dllatatxon It is also requlred that a
density gradient be present Petterssen [2] has deflnedl frontogenetlcal
funct1on - . (

£ %-1?€thbeﬂ v cbs'zﬁ* ﬁ{?g Yﬁ,ﬂ@

where:
V6 = absolute magnitude of poténtial temperature gradient

Def, V = horizontal stretching deformation

e BT et e e e et 1




Div, ¥ ="horizontal veldcity“divergence

the angle between the axis of dllatatxon and the potentlal
temperature isotherms :

™
W

Positive values of F indicate frontogenesrs, negatxve values 1nd1cate
frontolysis.. ' ; : : :

3. MEASUREMENTS AND,ANALYSES

Surface wind analyses were made for appropriate .stations in the network,
using the continuously recorded wind directions and wind speeds. In the
analyses the winds were decomposed into their u- and v- components, and from
isotach analyses of these components the horizontal space derivatives were
measured. These were apprOximated by the finite differences, Su/dx, 8v/dy,
8v/8x, and 8u/Sy, with the measuring intervals, 8x and Sy taken as 2 statute
miles. Measurements were'made.at the interior stations of the network and at
the centroids of the quadrangles formed by all stations of the network. The
various kinematic properties. were obtalned by substituting measured values :
of the space derivatives in equations (1) through (6) Values of the proper-
ties were obtained in unlts of hr.1 For a conversion to unlts of sec l,onev
may note that 3.6 hr.! is equal to 1073 sec S '

Isotherm analyses were made from plotted values of temperature, with
isothérms drawn for ‘every. whole degree Fahrenheit. - These were used. to-deter-
-mine VT, the gradient’of temperature. VT was used in place of Vé-in equation
(7), it being assumed that the two were approx1mately proportional. The ap-

prox1mat10n neglects the differences in station elevations, and the-gradients

of pressure. .The maximum possible error of the approxrmatlon was. 1°F/2 mi,

. Since: temperatures were read: only to the nearest 1°F., and since actual grada
ients as great-as- 13°F. /2 mi. were measured, the approx1matxon is' considered
to be sufficiently good for -the cases studied. VT and B were.measured from
the isotherm: analyses and plots of the dllatatron axes. of deformatxon These

values were substrtuted w1th values of Div, V and Def V in equat1on (7 to

_yleld values of F. : - : o

y. ;THE CASE oF.MAﬁcH”19~.|9u8

Th1s was ‘a pre cold-frontal squall line which produced damaglng wxnds'
over the ‘northern portxon of the network Various features of this case have
been reported: prevxously (3, 4, 5]. Surface synoptlc charts with: plotted "
w1nds and sea- level isobars at 1400 and 1405 EST are shown in figures 1 and
2. “Wind speeds ‘are in m.p.h’ with a whole barb equal t6 10 m.p.h. and a
" pennantiequal. to."50 m.p. hi Isobars are drawn at intervals of 1.mb. The -

. features. of interést are. the leading edge of the: squall line: (1nd1cated by
_'cold front symbols), ‘the micro-low. along the- leading edge, the micro- -high to
the. rean\of the " 1ead1ng edge,_and a.corridor 1 to 2 miles w1de (not 1nd1cated
,m'xn the frgure) about 2 m1les in advance of the leadlng edge :

RN
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Figure 1 - Surface wind and pressure, 1400 EST,
March 19, 1948,
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Figure 2 - Surface wind and pressure, 1405 EST,

March 19, 1948. :
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Figure 3 < Rainfall, 1355-1400 EST, .
March 19, 1948,
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Figure 4 ~ Rainfall, 1400-1405 EST,
) March 19, 1948.
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Figure 5 - DivyW in h™!, 1400 EST, March.19, 1948.
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Figure 6 - Div,V in hr™1, 1405 EST, March 19, 1948,
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Figure 7 = Rot,V in he™1, 1400 EST, March 19, 1948.
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Figure 8 -,Rofzv in hr=1, 1405 EST, March 19, 1948.




Five-minute accumulations of rainfall in hundredths of an inch are
shown in figures 3 and 4. The dashed isohyets were drawn without data. In
these areas the strong winds caused the rain gage pens to vibrate excessively,
and it was not possible to read off the amounts at 5-minute intervals. The
intensity of the squall line is indicated by the large rainfall amounts.
Centers of maximum rainfall occurred some distance to the rear of the 1eadn1g
edge of the squall line. : ‘

_ The only radar data avallable for this case were PPI scope photographs ~
of the 10-cm. CPN-18 radar’ at Clinton County Air Force Base. This radar was
located just north of the network about 4 miles north-northeast of station 3.
The range of this set was only 40 miles. The photographs showed a broken to'
solid line of echoes oriented from north-northeast to south- southwest .that
passed over the station from west-northwest. Speed of movement of the line
was considerably greater in its northern extremity than it was to the south.:

. Speed 25 miles north of Clinton County Air Force Base was 30- 35 m. p-h. while

speed 25 miles southwest was only 5-10 m. p.-h. . Unfortunately ground clutter
and the effects of attenuation. when the line was over the station masked the"
features within a 10-mile radius of the station. This covered most of the
area of interest, so little detail of the echo could be obtained. For this
reason a plot.of the echoes is not shown. However, the line of echoes showed

‘a reasonable fit to the analyzed positions'of‘the'squallfline; except that
the leading edge of the line of echoes was 1 to 1} miles to the. rear of the
analyzed leading edge.  This’ appears to be consistent with the tendency of .
the leading edge to run ahead of the active portion of the squall line. How-’

- ever, it might have resulted from the low power of the set; only the more in-

tense portlons of the squall line 'would have returned echoes ' '

Hor1zonta1 Veloczty Dlvergence Charts of Div, V for 1400 and 1405 ‘EST -
are»shown in figures 5 and 6. ISOplethS are drawn ?or each 10 hr.f,

The leadlng edge of the squall 11ne lay in a narrow zone (2. to. 4 mlles
w1de) of intense’ ‘convergence (negat1ve d1vergence) with':a. maximum “of 32- hr
"in the micro-low portion at 1400 EST. . A secondary ‘maximym of 25 hr’l was..

present about 5 miles south of. the" micro-low. . The second maximum was con-'eh‘_j_“.*"

‘served. on the chart for 1405 EST but the f1rst ‘maximum was: Iost as the. -
micro- low f111ed Lo S . : R el

P051t1ve d1vergence was present in the corrldor 1n advance~of and par- i R

allel to the leading edge of the squall 11ne w1th values fang 13 up:to 9 hr
at 1400 EST and 2 hr 1 a¢ 1405 EST - . e

The micro- hxgh beh1nd the 1ead1ng edge of the squ 111
by 1ntense positive dxvergence w1th maxxmum values of 2: hr
~of 12 hr.! at 1405 EST. ‘ : R

~at 1400 EST 1nd1cat1ng the rapxd but systematlc changes occurrrn ;?,q:?va Vs
.tem in the 5-minute t1me 1nterva1 : ; v

_’ Vertzcal Component of Relative Vort1c1ty' Charts Qf Rot2 V for 1400 and
1405 EST are shown in figures 7 and 8. Isopleths are drawn for each 10 hr

e e R




Fields 'of cyclonic (positive values) and anticyclonic (negative values)
vorticity had little apparent relationship to the leading edge of the squall
line, ‘micro-low, and micro-high; and there was no simple continuity in the
fields from 1400 to 1405 EST. Oddly enough the micro-low portion of the
squall line-at 1400 EST was featured by slight anticyclonic vorticity, al-
‘though centers of maximum’ cyclonlc vorticity were present some distance to
the northeast and southeast :

Extreme dynamic instability was indicated'looally and briefly with thres-
hold values of anticyclonic vorticity exceeded by as'much as a factor of 50.
Threshold values are those numerically equal to the Cor1olxs parameter

Isotherm Fields and Axes of Dilatation: Isothermﬂfields»and,axes of dil-
atation are shown in figures 9 and 10. Isotherms are drawn for every 2°F.
with warm and cold_centers indicated. Axes of dilatation are indicated by
double-headed. arrows. "Axes of contraction (not 1nd1cated) are normal to the__
axes of: dilatation. '

-The environmental temperature at both 1400 and 1405 EST was 72°F. At
1400 EST a cold center of 64°F. was present immediately to the northwest of
the micro-low. The gradient of.temperature across the leading edge of the
squall line was most intense in the vicinity of the micro-low. By 1405 EST
the leading edge of the squall-line had advanced into the environmental tem-
perature field in the northern portlon "of the network with the strong gra-
dient of temperature lagging 2 to 4 miles behind. The cold center had
intensified to 58°F. but had drifted south-southwestward. The advance of
the leading edge of the squall line beyond the intense gradient of tempera-
ture may well be the reason for the filling of the micro-low and the weakening
of the squall line. It is indicated that small segments of squall lines may
grow and intensify as'cold air is produced, and that. dlss1pat1on takes: place:
when the lead1ng edge outruns the temperature gradxent “ :

-Dilatation axes were generally parallel to.'the squall line in‘a narrow
zone or -either side of its leading edge. Dilatation axes'in ‘the corridor 1n
advance of and parallel. to the leadlng edge were generally hormal to’ the ' :
squall lxne and the same was true in the micro- h1gh portlon behlnd the squall :

line.

v Absolute,Magnjtude,of_the Resul tant Deformation: = Charts of’ Def V are
shown in figures 11.and 12: ISOpleths are drawn.for - each 10 hr." U

" The leadlng edge - of the squall l1ne lay in a narrow zone of 1ntense de—.
: formatxon w1th a maximum. value of 41 hr.! ‘in. the micro- Low. portxon ‘at=1400,
'ES ThlS maximum was lost on the 1405 EST chart, but ‘a maximum of 21 1] i
was present farther. south ‘along - the leading: edge. The corrldor in advance.of *
the leadlng edge of .the. squall line was . featured by minimum: deformat1on as
was the micro- h1gh beh1nd the. leadlng edge e ‘ -

S Values of deformat1on were, sxgnlfxcantly less at 1405 EST than at 14OC)ESI
ﬂ:1nd1cat1ng the rapid c¢hanges occurr1ng as the micro-low fllled and the squall
“line weakened : AP
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r.,.,. 12 - Absolute Magnitude of Defp V', 1405 EST -
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' & Patterssan's Frontogenetical -Function
.. in OF/mi br, . 1405 EST, March 19, 1948,

F!gure 13: = :Petterssen’s Frentogene'ucal Fonction
in °F/mﬂ hr, 1400 EST Morch 19 1948

, Frontogeneszs and Frontoly31S' Charts of Petterssen $= frontogenettcal
__functxon are shown in. fxgures 1‘% and 14+ Is,o,plieths.ar.e.v_.drawn for each:10°F:
mi.” hr.” - i R

At 1400 EST the leading edge of the squall ‘line lay in a narrow zone of
intense. frontogenes;s with a maximum value of.- 5‘6°F M -1 hr.ol.inthe -micro-
low portion. - This maximum had dxsappeared by 1405 'EST, “and" the iLeadingxedge
of the squall line then lay in a région of almost ro frontogenes1s in the
.northern portlon of ‘the network.. Maximum. frontogeresis -at- thlS time wal

£l to 2. m11es to the rear of the leadxng edge.t o SER

i

Slxght frontolysxs (negatwe frontogenesxsy was.‘presen-t 1r1 ithe:corridor:
in. advance of and parallel. to the leading: edge of -th A squall Ixne at: 1490 EST.
:Intense' -frontolys1s,- rang1ng up to 27°F m1-‘f hi y :

. .'that the temperature grad1ent lagged.; é.hsi_hd;;t'hesj_e sfiiie.’- di’s ;r-tesﬁlzt-ed%’ i.n? a oL o
P .decrease: in the frontogenesis. It is indicated that the growth-and decay:of

" small segments of the .squall line ‘are d1rect1y related to the intensity of
_ frontogene31s,_ and that the; frontogenesxs is crititaldy dependent\ upon:‘the
}degree to s,thCh f',vorable convergence, deformatxonr'-fand +t emperrature ‘gradient
fxelds may c01nc1de The degree of c01n01dence may . be determxned to a Iarg’e
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“extent by the internal processes of individual thunderstorm cells, so that
small segments of the squall line progress through repeated cycles of growth

and decay.

5. THE CASE OF AUGUST 29, ‘ignsf"“”

This was an isolated thunderstorm of consrderable 1nten51ty which ap-
peared to drift randomly in the southern. portion of the network. It was
featured by a micro-high and at least two pseudo-cold fronts. The case has.
not beéen reported previously. Since the storm moved slowly, a 10- minute in-
terval between charts was found to be suffrcxently short to show the changes

Surface synoptic charts showing plotted winds and sea- level

that occurred.
One may. note"

isobars for 1540 and 1550 EST are shown in figures 15 and 16.-
the micro- h1gh and pseudo-cold front partially c1rcumscr1b1ng it 'in flgure 15.
In figure 16 a second pseudo cold front was generated when the first front

had moved some distance away from the parent micro-high. . The features of in-
terest are the micro-high and the two pseudo -cold fronts : -

'Five-minute accumulations of ra1nfall in hundredths of an 1nch are shown -
in figures 17 and 18. The intensity of the storm is indicated by the large
amounts of rainfall. The maxima near station 42 coincide falrly well with
the center of the micro-high; however, 'a second maximum near station 54 at .
1535-1540 EST did not have a correspondrng mxcro h1gh No radar data were

ava1lable for this case.

Horizontal Velocity Dzvergenee " Charts of Div, V for 1540 and-1550 EST. -
are shown in figures 19 and 20. The pseudo-cold fronts lay in zones of mod-
erately intense convergence. Maxima were present with a value of 13 hr." on
the first front at 1540 EST and values of ‘11 hr.? and 10 hr."! on .the. f1rst
and second fronts respectively at 1550 EST. Overall convergence on the first
front weakened somewhat during. the.10- mlnute perlod wh11e convergence ins= .
tensified on the second front as it formed B cewed e

The micro- hlgh was featured by 1ntense drvergence, wh1ch 1ncreased from
a maximum value of 23 hr'1 at 1540 EST to 42 hr 1 at 1550 EST SRt

Vertzcal Component of Relatzve Vort1c1ty Charts of Rot2 V for 1540 and
1550 EST are shown’ in’ frgures 21 and 22. :At. 1540 EST .the. pseudo cold: front
" was featured by cyclonrc vorticity ‘with' a- max1mum of 10 hr.™ 1in its north-
western portion. ' Intense antrcyclonlc vort1c1ty with -a-maximum of 16 hr:} was’
.présent at the eastern edge of the micro-high. The: vortrclty field at: ISSOEST
was more poorly def1ned Although moderate cyclonlc vorticity was: present in’

the northern portion of" the first pseudo-cold front, it was not confinéd: to.the -

immediate vicinity of the front. Vort1c1ty along the second ‘pseudo- cold front
was slightly . anticyclonic.- Vort1c1ty with- respect to the micrfo-high was: fea—,
Ctured by multlple centers of both;cyclonlc andvantrcyclon1c VOrt1c1ty,. Théte:
-appears to have been 11tt1e contlnu;ty: nvthe vort1C1ty change-from 1540 to-‘
1550 EST L S L - : el . L : .

Extreme dynamlc 1nstab111ty was- 1nd1cated 1ocally and br1ef1y w1th

threshold values of. antrcyclonrc vort1c1ty exceeded by as much as: aqfactor ﬁ;?iv

Of,;i b--"




. at 1550 EST'«
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Isotherm Fields and Axes of Dilatation: Isotherm fields and axes of
dilatation are- shown in figures 23 and 24. The environmental temperature at
both 1540 and 1550 EST was 90°F. At 1540 EST a cold center of 70°F. was pres-
ent on the southeastern boundary of the network. Gradients of temperature
were most intense immediately south of the pseudo-cold front. By 1550 EST a
new cold center of 64°F. had formed in the western portion of the network.
The gradient of temperature between this center and the warm center to the
northwest was 26°F. over a distance of 4 miles! Gradients of temperature re-
mained strong to the south of the first pseudo-cold front and were strong on
either side of the second pseudo-cold front.

Dilatation axes were generally parallel to the pseudo-cold fronts in =
narrow zones on either side. Dilatation axes in the micro-high and some dis-
tance from the pseudo-cold fronts tended to be normal to the fronts. Dilata-
tion axes tended to parallel the isotherms in the vicinity of the pseudo-cold
fronts. They were more normal to the isotherms elsewhere.

Absolute Magnitude of the Resultant Deformation: Charts of Defy V are
shown in figures 25 and 26.. At 1540 EST the pseudo-cold front lay 1n a nar-
row' zone of intense deformation with a maximum value of 31 hr.” in the north-
western portion. The deformation was at a minimum over the'southeastern
portion of the network. At 1550 EST deformation had decreased along the first
pseudo-cold ‘front but had increaseéd to a maximum of 26 hr.?! along the second
pseudo-cold front, as it formed. Another maximum of 30 hr.! was present. in
.the micro-high. Deformation was at a minimum at the south-central portion of

the network. ' : -

Changes’ in the deformation réflect the decay of the first pseudo cold
front . and the generation of the second front.

Frontogenesis’and Frontolysis:" Charts of Petterssen's frontogenetrcal
function are shown in figures 27 and 28: -At 1540 EST the pseudo-cold front
lay in a zone of .intense frontogenesis with a maximum value of 52°F. mi.? hr.

in thé'northwestern: port1on However, this center of . frontogene51s extended A
" somewhat southeastward from the front, ‘indicating the formation of a new front
. farther south. At 1550 EST very intense frontogenesrs with a maximum value of.
96°F. mi.? hr.? was present- along the second pseudo—cold front. Meanwhlle‘- »
frontogenes1s aiong ‘the! f1rst ps udo cold front had decreased to sllghtly more:

.-than 20°F mi.1 hr.'1 S

.0 THe mlcro—hlgh at both 1540 and 1550 EST was featured by 1ntense fron-b
tolysis with maximum valués of 52°F m1 ;1. hr at 1540 EST and 66°F. m1"'1 hr."

The lntense f1e1ds of fronto esis and frontolys1s resulted. from the co-

1nc1dence of favorable fields of" d1vergence,-deformatlon, and ‘temperature’ gra-v‘:

dients. The: generation of.4a”'second pseudo ‘cold-front, ‘very markedly supported
by an- intense frontogenetxcal field, indicates- that the isolated thunderstorm
may generate successive pseudo cold fronts that tend ‘to 01rcumscr1be its _
micro-high.: Early pseudo-cold fronts tend to weaken wheén they move too far

- from the parenht’ storm, ‘and’ they are repeatedly replaced by new- ‘and ‘more i~ -
vtense pseudo cold fronts closer in. The generation of new pseudo cold fronts,
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| Figure 15 < Suface wind and pressure, 1540,EST, . Figure 16 - Sirface wind gnd pressurs, 1550°EST,

Augist 29, 1948, Auigist 29, 1948, :

* Figure 17 - Rainfall, 1535-1540°EST, "

", Figue 18 = Rainfoll, 1545-1550 EST, "
August 29, 1948. : :

L R August 29, 1948.
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Figure 19— Divo W inhi~1; 1540 ST, August 29, 1948. Figure 20 = DivyW in he=1, 1550 ‘EST, August 29, 1948,
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Figure 22 = Roty W'in b1} 1550 EST, August 29, 1948. -




Isotherms in °F and Axes of Dilatation,

Figure 24 ~ Isotherms. in °F and Axes of Dilatation,
1540-EST, Avgust 29, 1948,

1550 EST, August 29, 1948.
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Figure 27 ~ Petferssen's "‘"’"’093"9"“:"l Function.’ Figure 28 - Petterssenis- Frontogeneﬂoal Function
‘in’ OF/mi br, 1540 EST Avgust 29; 1948. ) in °F/mz hr, 1550 EST August 29, 1948

‘as a coincidence of favorable kInematlc and thermal fields, is probably linked
to the internal processes of individual cells composing the thunderstorm, so
that the individual pseudo-cold fronts show to a certain extent the growth,and
decay of 1nd1v1dua1 thundbrstorm -cells. :

6. THE CASE OF APRFL 7, 9u8

Thxs was .a depressxon wave line,. wh1ch followed but was offset from an
earliet squall lLine. Varlous features of the case. have been reported previ-
*‘Qusly f6}.. Surface synoptic charts with plotted winds and sea level isobars

“at 1315 and 1320 EST are shown in figures 29 and 30. The features of interest
are the depression wave lime (line of minimum sea level pressure, indicated as
a heavy dashed Ixne) and a mlcroleW'(area of minimum sea level pressure).

There was no. measurable ra1nfall over the network from 1310 to 1320 EST

'i{-.cRarnfall which had occurred a short time earlier had diminished to none or

p.trace amounts, and the ‘trace amounts occurred only in advance of the depres4 -
»,51on~wave llne.: No ‘radar data were available for thxs case. : » '

o Hor1zonta1 Veloc1ty Dlvergence- Charts of. D1v2 Y for 1315 and 1320 EST -
:-are shown i flgures ‘31 and’ 32 Isopleths are: drawn for each 5 hr.‘ S

e Moderate vaIues cf convergence were generally present along the depres-
'_slen wave lime. AGreatest(values were near, but not quite coxnc1dent with,
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Figure 29 - Surface wind and’ pressure, 1315 EST, . " - Figure 30 ~ Surface wind and pressure, 1320 EST,
: ’ April 7, 71948,

April 7, 1948,

the micro-low portion. - A cOnwergence maximumvof 14 hr.1lat 1315 EST was' lo--
cated about 3 miles southeast of the micro-low. At 1320 EST a maximum of
10 hr.'l"was located about 2 miles south of the micro—low.

Values  of divergence were somewhat less -than values of convergence. At
1315 EST the depre531on wave line was featured by a region of ‘positive. diver-
gence some distance in advance of the line and a short distance behind the
line. However, at-1320 EST: the divergence was. present only in the north“estern
and- southwestern port1ons of the network S ; : .

Although the fields of dlvergence bear some relatlonshlp to the depressxon

wave line/ and the micro-low, these relatlonsh1ps are not so systematxc 0T SO -~

contlnuous, as they were 'in the prev1ous cases.

A The Vert1ca1 Component of Relat1ve Vort1c1ty Charts of Rot, V for 1%19
and 1320 EST are shown in flgures 33 and -34." Isopleths are drawn for each
5 hr A, :

There appears to have been no sxmple relat1onsh1p between the vort1c1ty
f1e1d and the depress1on wave line. However, there was some continuity  to the
vort1c1ty field. Individual maxima -and minima. at-1315 EST .generally appeared
in theisame locations at 1320 EST, suggesting that. the vorticity field was =
quasi-stationary with respect to the depression wave -line moving through it.

N V)
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Figure 31 - DivoW in hr=1, 1315 EST, April 7, 1948. Figure 32 = DivyW tn hr™1, 1320 EST, April 7, 1948. -
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Figure 33 = Roty W in he~l, 1315 EST, April 7, 1948, Figure 34 - RotyW in he=1, 1320 EST, April 7, 1948. -
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B  Figure 35 = Axes of Dilatation, 1315 EST, April 7, 1548, - Figure 36 ~ Axes of Dilatation, 1320 EST, April 7, 1948.

'srqtuf Miles _ o . " Stafute Miles

: ‘Fg ¢°37 - Absolute MogtdefoR\V 1315551 .Fg 48 Ab““mgfdefofk\v IszoEsr ST

April 7, 1948, A . I April 7, 1948, . -




19

Extreme dynamic instability was indicated locally and briefly with. thres-
hold values of anticyclonic vorticity exceeded by as much as a factor of 20.

Isotherm Fields and Axes of Dilatation: Axes of dilatation are shown in
figures 35 and 36. The temperature over the network at both 1315 and 1320 EST
ranged only from 58° to 59°F. The gradients were. too slight to permit the
drawing of isotherms. The absence of a strong gradient of temperature with
respect to the depression wave line is not necessarily typical. Cases (espe-
cially those occurring at night) have been investigated in which marked temper-
ature rises have occurred with the depre551on wave line.

Although there were some areas in which the dilatation axes lay either
parallel or normal to the depression wave line, there appears to have been no
systematic relationship to the line as a whole. It is concluded that the axes
of deformation are less systematic with respect to the depre551on wave line
than with respect to the other systems studied.

‘ Absolute Magnitude of the Resul tant Deformation: Charts of Def, V are
shown in figures 37 and 38. Isopleths are drawn for each 5 hr.”

Although moderate values of deformation were present, théy were rather
poorly related to the depression wave line and the micro -low. Moreover, the
continuity of the deformation field from 1315 to 1320 EST' is also poor, - It
is concluded that the absolute magnitude of the resultant deformation is less

_systematic with respect to the depression wave line than with’ respect to the
other systems studied

Frontogenes1s and Frontoly51s- Charts of Petterssen’s frontogenetical
function are not shown. = The frontogenet1ca1 function was negligibly small,
since the temperature gradients were negligibly small. However, as pointed
~ out earlier, some depre551on waves are featured by temperature rises.  If
such had been the case here, then frontogenesis, Spec1f1ca11y warm fronto-
'genes1s, would have been present in portlons of the network

7. SUMMARY
" A. - General Feétureeﬂ

1. Kinématic properties of the squall line, isolated thunderstorm, and
depression wave line were 2 to 3 orders of magnitude greater than those nor-
mally measured on the gross synoptlc scale. Although the large values re- °
sulted from the small measuring interval ‘used, they are believed to approx1mate
~the true values that were present 1n the systems studxed S

2. All of the klnematlc propertles, exceptlng vort1c1ty, were system-*
atically related to the small-scale features of the 'squall line and isolated
thunderstorm. Great but systematic changes in the propert1es occurred in the
5- to 10—m1n. 1ntervals between charts A
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3. The relationships of the kinematic properties to the small-scale
features of the depression wave line were less systematic than those of the
squall line and isolated thunderstorm.

4. Vorticity fields were poorly related to the small-scale systems,
and the continuity of vorticity features from one time to the next was poor.
It is indicated that small-scale systems may have no typical vorticity fields.

5. Extreme dynamic instability was present with threshold values of
anticyclonic vorticity locally and briefly exceeded by as much as a. factor

of 50.
B. Specific Features of the Squall Line

1. The leading edge of the squall line lay in a narrow zone of intense
convergence, deformation, and frontogenesis. Axes of dilatation were gener-
ally parallel to the leading edge of the squall line.

2. The micro-low portion of the.squall line was an area of maximum con-
vergence, frontogenesis, and deformation. Vorticity was slightly anticyclonic
in the micro-low.:

3. .The micro-low filled and the squall line weakened, when frontogenesis
decreased. The decrease in frontogenesis occurred when the convergence and
deformation fields of the squall line advanced beyond the zone of the 1ntense
temperature gradxent :

4,. A narrow corrldor, characterized by slight to moderate divergence and
frontoly51s, and with dilatation axes generally normal to the squall line, was
present in advance of and parallel to the 1ead1ng edge of the squall 11ne

5. The micro-high behlnd the leading edge of the squall line was an area
of intense divergence and frontolysis with d11atat1on axes generally normal to

the squall line.

6. Very heavy rainfall occurred behind the leading edge of the squall
line with the maximum rate some distance to the rear of the leading edge.

C. Specific Features of the'IsblatedvThunderstorm

1. .The 1solated thunderstorm was featured by a micro- hlgh and pseudo-
cold fronts partially 01rcumscr1b1ng the micro-high. :

2. The pseudo-cold fronte'lay in zones of intense convergence, fron-
togenesis, and deformation. Axes of deformation were generally parallel to
the pseudo-cold fronts. : E ST ‘

3. Convergence, deformat1on, and frontogenesrs decreased along the first
pseudo-cold front as it moved away from the micro-high. It was replaced by a
second pseudo-cold front at closer proximity to the micro-high. Convergence,
deformation, and frontogenesxs increased rapidly along the second pseudo-cold
front as it formed
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4. The micro-high of the isolated thunderstorm was an area of very heavy
rainfall, and intense divergence and frontolysis with dilatation axes generally
normal to the pseudo-cold fronts.

D. Specific‘ﬁeatures of the Depression Wave Line.

1. Only traces of ralnfall occurred in the v1c1n1ty of the depre551on
wave llne and ‘these occurred only in advance of the 11ne

2. Although the depre351on wave line and its micro-low lay generally in
an area of convergence, the convergence and d1vergence f1e1ds were rather

poorly defined.

3. Vort1c1ty and deformatlon flelds were qu1te poorly deflned w1th re-
spect to the depression wave 11ne and 1ts micro- 1ow

4. The gradient of. temperature was neg11g1b1y small with respect to the
depression wave line. Because of this the frontogenet1cal function was also

negligibly small.
8. ACKNOWLEDGMENTS

The author desires to acknowledge the guidance and encouragement of
Mr. C. F. Van Thullenar, Director, and Dr. C. W. Newton, Chief Scientist, in
the preparation of this paper. ' , ' .




REFERENCES

Saucier, W. J.,"Kinematic Analysis," Principles of Meteorological Analysis,
The University of Chicago Press, Chicago, Ill., 1955, pp. 355-363.

Petterssen, S., "Fronts and Frontogenesis," Weather Analysis and Fore-
casting, Vol. 1: Motion and Jlotion Systems, McGraw-Hill Book Co., -
New York, -N. Y., 1956, pp. 200-202. '

Williams, D. T., "A Surface Micro Study of Squall-Line Thunderstorms,"
Monthly Weather Revzew, vol. 76 No. 11, Nov. 1948, pp 239-246. '

Williams, D. T., "A Method for Computlng Small Scale Divergence Along-
a Wind Shift Line," Bulletin of the American Meteorologzcal Soc1ety,

vol.. 41, No. 7 J'uly 1960, pp. 383-385.

Williams, D. T "A Theoretlcal Estimate of Draft Velocities in a Severe
Thunderstorm, " Monthly Weather Review, vol. 87, No .2, Feb. 1959, :

pp. 65-68.

Williams, D. T., "A Surface Study of a Depressu)n—Type Wave," Monthly
Weather Rev1ew vol. 82, No. 10, Oct. 1954, pp 289-295.

o USCOMM-WB-DC ]







